IntroductIon
Although the recent US national rates for child obesity has shown no significant changes in the last few years, child obesity is still a significant problem, with 16.3% of 2-19-year-old children classified as obese (at or above the 95th percentile based on Centers for Disease Control and Prevention growth charts) (1) . Several reviews have addressed recommendations and best practices to prevent or decrease rates of child obesity at the population level, and it is generally thought that a multilevel approach has the greatest chance of success (2) (3) (4) . Despite these recommendations, few examples of multilevel programs targeted at a community level have been conducted. In addition, although several child obesity prevention programs have shown promising effects (5) (6) (7) (8) , only one has documented community-level changes (5) , and this was in a midsized city in Massachusetts as part of a community-based participatory research study.
Many communities are implementing local programs and policies for prevention of child obesity (9) . These programs are often funded, developed, and/or implemented by foundations or health agencies, and may or may not be evidence-based or include an evaluation component. Without regional and local level measurement, the population effects of these programs may not be evident.
In addition to local programs, states and municipalities have begun to implement policies designed to address the child obesity problem. In Texas, several statewide policies, initiatives, and legislative mandates to target child obesity have been enacted. The most comprehensive legislation introduced during the time frame of this study includes Texas Senate Bill Although national and state estimates of child obesity are available, data at these levels are insufficient to monitor effects of local obesity prevention initiatives. The purpose of this study was to examine regional changes in the prevalence of obesity due to statewide policies and programs among children in grades 4, A cross-sectional, probability-based sample of 23, 190 Texas students in grades 4, 8, and 11 were weighed and measured to obtain BMI. Obesity was >95th percentile for BMI by age/sex using Centers for Disease Control and Prevention growth charts. Child obesity prevalence significantly decreased between 2000-2002 and 2004-2005 for 4th grade students in the El Paso HSR (−7.0%, P = 0.005). A leveling off in the prevalence of obesity was noted for all other regions for grades 4, 8, and 11. County-level data supported the statistically significant decreases noted in the El Paso region. The reduction of child obesity levels observed in the El Paso area is one of the few examples of effective programs and policies based on a population-wide survey: in this region, a local foundation funded extensive regional implementation of community programs for obesity prevention, including an evidence-based elementary school-based health promotion program, adult nutrition and physical activity programs, and a radio and television advertising campaign. Results emphasize the need for sustained school, community, and policy efforts, and that these efforts can result in decreases in child obesity at the population level. (13) , which regulates the types of foods available at all school levels. Unfortunately, state funds were not allocated for these regulatory efforts, and so, local and regional districts and schools must find additional funds in their budgets to implement these policies. Without consistent funding for these mandates, it is possible that differences in the implementation of these regulatory efforts across the state can have differential effects on the intended legislative outcomes.
The purpose of this study was to examine regional changes in the prevalence of child obesity due to statewide policies and programs among children in grades 4, 
Methods and Procedures study design
Design, sampling, analysis, and measurement details about the SPAN study have been previously reported (14) . SPAN was designed to yield representative data at the state level, as well as to provide representative estimates at the Texas Department of State Health Services regional level (14) . The Texas Department of State Health Services originally divided Texas into 11 HSRs to provide for administration of programs and management oversight on a local basis, as well as to build public health infrastructure; these regions were later combined into eight geographic units (Figure 1) (15) . To provide comparable estimates across the years, data from both surveys (2000-2002 and 2004-2005) were analyzed using the current eight region division.
In addition to the regional data, Texas counties were invited to participate in the SPAN measurement so that more precise estimates could be generated for local purposes. After an application process, nine individual counties, located throughout the state, were selected for the survey. These selected areas included large counties, such as the Harris County/Houston area, and smaller counties in the Texas Panhandle (Figure 2 ). subjects Children in grades 4, 8, and 11 were targeted for the state survey to represent different age and developmental levels (14, 16) . School districts selected for the survey were contacted by study staff, and individual schools were contacted once district approvals were obtained.
Approval for this study was obtained from the Committee for the Protection of Human Subjects at the University of Texas Health Science Center at Houston, HSC-SPH-00-056, as well as the Institutional Review Board of the Texas Department of State Health Services, 04-062, and participating school districts. Parental consent was obtained from students before participation in the study; students with parental consent completed an assent form prior to administration of the SPAN questionnaire at the school. The sampling frame and strata for the HSR survey have been previously described (14) . Briefly, the three strata within the HSR include the urban center (largest school district), other urban/suburban schools, and rural schools. The final sampling frames for the nine counties ranged from 7 to 607 schools. If necessary, oversampling was performed at the school data collection Data collection at both state and county levels was conducted by trained and certified project staff, and state and county personnel. Questionnaires were distributed and collected through the main SPAN study office, and at least one site visit was conducted by SPAN staff during county data collection.
Measures
Elementary (4th grade) and secondary (8th/11th grade) questionnaires adapted from the School-Based Nutrition Monitoring survey were administered to study participants (16, 18, 19) . Demographic data for the students, such as age, race/ethnicity, and gender, were self-reported on the questionnaires. For analytic purposes, race/ethnicity was classified as African American, Hispanic/Latino, or white/other; white/other included non-Hispanic white, Native American, Asian, Pacific Islander, or "other" (14) .
Measurement of height and weight, and calculation of BMI
Measurement of height and weight was conducted using standard protocols and recommendations (20) ; data were recorded directly on the questionnaire form after the students completed the written items. Student weight was recorded in kilograms using a calibrated toploading scale (Tanita BWB-800S; Tanita, Arlington Heights, IL), and measured student height in centimeters with a Perspective Enterprises stadiometer (Perspective Enterprises, Portage, MI). Height and weight were used to calculate BMI, using the standard formula (21) , and classified as obese, overweight, and normal weight, using the Centers for Disease Control and Prevention growth charts (22) and current recommendations (23) .
data quality control At all schools, 5% of the study sample was remeasured for height and weight for quality control purposes. Almost all (98.5%) of the repeated weight measurements were within 0.2 kg, whereas 98.9% of the repeated height measurements were within 1.2 cm.
Imputations were used to maximize sample size for representative calculations by subgroup (e.g., gender and race/ethnicity) at the HSR level; subjects with more than one missing data point were excluded from the analysis. A total of 252 cases (1% of total) were excluded from the dataset, and a total of 510 logical and mean imputations were made for variables such as birth date, age, ethnicity, height, and weight. estimation procedure Sampling probability weights were calculated to account for differential inclusion probabilities in multistage sampling. Sampling weights were the inverse of selection probability that encompassed the sampling ratio at each stage of selection. Post-stratification weight adjustments were made to ensure ethnic composition in the sample was the same as the total school enrollment in each HSR in the sampling frame. The estimates for the nine selected counties were based on the schools selected for the state/region sample as well as the schools selected in oversampling. Sampling weights for the county-level estimate were calculated separately from the state/region sample. Post-stratification weights were also developed to ensure ethnic composition at the county level. Thus, two sets of sampling weights were computed and used: one for the county data and another one for the region.
All estimates were weighted and statistical tests were performed taking into account each sample design features (stratification of the sample and clustering of students within schools). Statistical analyses are reported with the appropriate sampling weights for the HSR data or the countylevel data. The survey analysis module of STATA (version 9.0; StataCorp, College Station, TX) was used to analyze the data using Taylor series approximation or linearization model.
results
Although mean age and gender distribution was similar by region and county, the racial/ethnic distributions for counties and regions were variable and diverse, which is consistent with the current population distribution of Texas (Tables 1  and 2 ). South Texas and the Texas-Mexico border regions and counties have majority Latino populations, whereas East and Central Texas regions and counties have significant AfricanAmerican populations, and the North Texas and Panhandle regions and counties tend to be less diverse compared to the rest of the state.
Participation rates for the SPAN survey varied by year and grade level (Tables 2 and 3) . In 2000-2002, participation rates at the HSR level ranged from 32.3 to 100.0%, whereas participation rates at the HSR for 2004-2005 ranged from 67.3 to 100.0%, respectively. Participation rates for the county samples ranged from 18.9 to 100.0%. For a population-based sample, a participation rate of ≥60% is considered acceptable (24) .
The prevalence of obesity in 4th grade students in HSR 9-10, the El Paso area, showed a statistically significant (P = 0.005) decrease in child obesity between 2000-2002 and 2004-2005 , from 25.8 to 18.8% (Table 3) . HSR 9-10 consists of 36 counties in West Texas; of these counties, El Paso County is the largest, with a population of 743,319 in 2006, which is 57% of the population of HSR 9-10 (ref. 25 ). HSR 9-10 did not include any of the other Texas counties measured in this study. In addition, a statistically significant (P = 0.006) decrease in the prevalence of obesity (10.0%) was found among 11th grade students in HSR 11 (Lower Rio Grande Valley area in South Texas); however, participation rates for 11th grade students in HSR 11 were 47.2% for the 2000-2002 data (Table 3) , which indicates lower confidence in this relationship. None of the other regions showed statistically significant changes in the prevalence of obesity for any grade level.
Cross-sectional county data results were consistent with findings from the regional data (Figure 3) . Among 4th grade students, both Bell (Central Texas) and El Paso (West Texas) Counties had lower prevalence of obesity compared to Webb (South Texas on the border) and Victoria (South Texas) Counties (14.4 and 16.5% compared to 31.7 and 27.1%, respectively, 95% confidence intervals do not overlap). El Paso and Webb Counties both have similar demographics ( Table 2) (Figure 3) . In 11th grade students, significant differences in adolescent obesity were seen between students in Randall County compared to Victoria, El Paso, and Wichita Counties (14.7% compared to 21.5, 23.7, and 22.1%, respectively; confidence interval do not overlap).
dIscussIon
This study is the first in the United States to document a reduction in the prevalence of obesity in elementary school children in a regional population-based sample. This decrease occurred in a population at high risk, which is predominantly Hispanic/ Latino and located on the Texas-Mexico border. In addition, a leveling off in the prevalence of obesity was seen at all grade levels and in every region in Texas. SPAN data illustrate the importance of measuring the prevalence of child obesity at a local level, rather than relying on national or state estimates to monitor trends and document successful programs and policies.
Why was there such a large and significant change in 4th grade children in the El Paso area (HSR 9-10) compared to other regions in Texas? Although ecologic observational studies produce associational rather than causal data, the circumstantial evidence in favor of an effect is compelling, as several large evidence-based community-and school-level programs were heavily funded in the El Paso area in the years between the surveys. The program most relevant to the observed reduction in obesity observed in 4th grade students was a large, community-based health initiative, funded by the Paso del Norte Health Foundation, that began with implementation of the Coordinated Approach To Child Health (CATCH) (26), Age (mean ± s.e.) 9.9 ± 0.05 9.8 ± 0.03 9.7 ± 0.05 9.7 ± 0.12 9.7 ± 0.02 9.8 ± 0.04 9.7 ± 0.05 9.7 ± 0.05 8th Grade n = 2,568 n = 990 n = 623 n = 502 n = 1,213 n = 914 n = 700 n = 1,317
Gender (%) (27) and physical activity (28) , as well as radio and television advertisements. The CATCH El Paso initiative was funded for 8 years (1997-2005), and included provision of training and materials to 162 schools in 14 districts, as well as continued support to schools through full-time program coordinators (26, 29) . The Paso del Norte Foundation selected CATCH because results from the main randomized controlled trial of CATCH found that the program significantly increased vigorous physical activity and decreased consumption of dietary fat (30); a further follow-up study found that these effects were maintained for 3 years without further intervention (31). Although other state child obesity initiatives have been conducted across the state using CATCH and other programs, the El Paso model was the largest and most comprehensive, with significant funding, multiple years of intervention, and evaluation.
A recently conducted replication study found that CATCH had significant effects on child obesity in a quasi-experimental Age (mean ± s.e.)
13.8 ± 0.04 13.9 ± 0.02 13.9 ± 0.02 13.7 ± 0.02 13.7 ± 0.12 13.7 ± 0.05 13.7 ± 0.03 13.7 ± 0.03 13. 
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study design in a Hispanic population (32) . In the Coleman study, after 3 years of intervention, an 11% reduction in the prevalence of at-risk and overweight was observed for girls in 5th grade in CATCH schools compared to girls in control schools; the decrease in boys was similar (−8%) (32) . The results from the SPAN survey in 2004-2005 confirm the findings that Coleman and colleagues reported, and are especially noteworthy, as these two studies were conducted by separate investigative teams during different time periods. CATCH has been widely disseminated in Texas using various funding sources since 1996 (ref. 33) , and has currently been adopted by >2,200 schools in Texas (data not shown). Data on the percentage of SPAN schools adopting CATCH were not related to the 4th grade obesity levels. For example, in El Paso County, 81% of elementary schools adopted CATCH with a 2004-2005 4th grade student obesity prevalence of 17%, whereas 100% of schools adopted the program in Victoria County (obesity prevalence of 27%) and 29% of Bell County schools adopted the program (obesity prevalence of 14%). Although levels of CATCH program implementation and other community initiatives were not measured in these counties as they were in the El Paso area, no county in Texas had the extensive community support, resources, and funding for obesity prevention provided by Paso del Norte in the El Paso area. Although speculative, from this ecologic observational study, it appears that adoption of a coordinated school health program with statewide policies is not sufficient to decrease the prevalence of child obesity without significant resources for implementation or community support.
In addition to the CATCH program in the schools, several other community-level initiatives were conducted by Paso del Norte Foundation between 2000-2002 and 2004-2005 that provided further support to the school-based efforts for healthy diet and physical activity. These included Walk El Paso, a program to encourage walking for exercise in the community (28); Qué Sabrosa Vida, a community-based education program for mothers and caregivers to promote incorporation of healthy nutrition and physical activity into the lifestyle while keeping the rich tradition of the Mexican-American diet and foods (27) ; and media efforts to promote these programs. Perry and Kelder have reported similar synergistic effects in the Class of 1989 study, where school-based program effects on diet, physical activity, and tobacco use were enhanced by the Minnesota Heart Health Program, a community-based heart health promotion (34, 35) . A more recent study, conducted in Somerville, MA, found that a community-based program that included a school program, community initiatives, and social marketing efforts was effective in decreasing BMI in elementary school children (5) .
A leveling off in the prevalence of obesity was noted between 2000-2002 and 2004-2005 for all other HSRs for grades 4, 8, and 11. This leveling off, however, should be seen as a positive result, as the prevalence of obesity among children had been increasing steadily during the past two decades, based on national estimates (National Health and Nutrition Examination Survey), although recent data show the same leveling trend in the United States (1). It appears that statewide mandates for coordinated school health programs, School Health Advisory Councils, and daily physical education in elementary schools (Texas Education Agency Code 38.013 and 28.004), as well as the Texas Public School Nutrition Policy, which were implemented across all of the HSRs, may slow the rise in obesity prevalence among school children, but do not produce a significant decrease without significant programmatic and community support. Thus, any population-level maintenance in the child obesity level should be seen as cautiously optimistic and efforts should be intensified, whereas a decrease should be seen as significant progress in addressing child obesity.
Although these trends are encouraging, the data presented are ecologic, and thus are subject to limitations. Nevertheless, 
for the 4th grade students in El Paso, the ecologic evidence is statistically significant and compelling: the Coleman experimental study using CATCH found similar results (32); CATCH has been fully implemented and funded for 8 years (26, 29, 32) ; complementary community programs were developed and supported (27, 28) ; and state elementary school legislation and policies encouraging healthy eating and physical activity in elementary schools were enacted during this time period (10, 13) . Evaluation of public health interventions such as the El Paso experience can be considered "natural experiments" that may lack the rigor of randomized controlled trials, but are more generalizable and practical to implement on a population basis (36) . In addition, the methodology for this survey is rigorous and consistent with other epidemiologic surveys that show significant population changes over time, such as National Health and Nutrition Examination Survey. The area surveyed is also significant: the total population of HSR 9-10 was 1.3 million in 2006 (37) , which is comparable to the population estimates for South Dakota and Wyoming combined (38) .
Other limitations of the study include student participation rates. Although the sample sizes for most of the regional estimates were robust, some grade levels had smaller than expected sample sizes and thus, less stable parameter estimates (Tables 1-3) . Given that measurement of height and weight Number of students measured/target number of students needed for sampling scheme. 
is noninvasive, and diet and physical activity are not usually considered sensitive survey topics, utilization of passive consent procedures would considerably improve participation rates. To more precisely monitor the child obesity epidemic, we recommend state mandates and school policies that allow blanket or passive consent of child obesity surveys. In the SPAN 2004-2005 state sample of over 23,000 students, we received fewer than 25 phone calls from parents, and no reports of adverse events.
Despite the limitations, these results indicate a more generalizable and significant public health effect of a community initiative than has previously been documented. The results of this survey emphasize the importance of evaluation of translational research, in which programs developed and evaluated in more rigorous study designs are implemented in public health settings to achieve maximum reach and impact (39, 40) . Finally, the results of this study provide some data on the initial effects of policies and programmatic efforts to prevent child obesity. Although many policies and programs for child obesity are currently being implemented in the United States and various states, little data on the actual effects and outcomes of these efforts are available to inform decision makers at local, state, and national levels, with the recent exception of Arkansas (41) .
Another unique aspect of these results is that, although significant effects were noted in local and regional results, a nonsignificant statewide decrease was observed (D. Hoelscher, A. Perez, S. Kelder et al., unpublished data). Outcome measurements for obesity prevention programs for children should perhaps be conducted using smaller units of evaluation, especially in states with a large and diverse population, such as Texas. It is also important that current efforts, such as those in the El Paso area, be maintained until population goals for the prevalence of obesity are met. Withdrawing or decreasing support from the current initiatives without complete institutionalization of the programs into the community could lead to backsliding and potential increases in the current levels of child obesity in the region (2) .
Both leveling off and significant decreases in the prevalence of child obesity have been documented in Texas, specifically in the El Paso area among 4th grade students. Although these changes are noteworthy, the rates of child obesity at all HSR areas are greater than the targeted goal of a 5% prevalence of obesity (42) . The policy implications of this study are significant, especially because few studies have examined population-wide outcomes of community-based policies and programs. Results indicate that there are opportunities to reduce childhood obesity through comprehensive obesity prevention and control efforts that include an extensive community program for obesity prevention, an evidencebased elementary school health promotion program, adult nutrition and physical activity programs, and a radio and television advertising campaign, even among underserved populations. Data from this study also suggest that regulatory and educational efforts to prevent child obesity in schools should be sustained and intensified, and community-level programs and policies should be developed to support the school programs, as well as involve clinicians in these efforts. Current data, including our own, indicate a synergistic effect of all of these approaches is necessary for a decrease in child obesity. Finally, this study illustrates the importance of state and local surveys of child obesity, especially at regional levels, to monitor the effects of local prevention efforts as well as to inform and provide evidence to decision makers, and to support policy and environmental change at the state and local level. 
